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1 . Gencr:rl __ purpose  - - . p r o g r ~ ~ n .  __ __ . - - An exis t ing genera l -purposc  c-ompiiting 

l)i’o!ii’ain sa t i s f i e s  the m a j o r  portion of the Lal iora tory’s  r cqu i r emcn t s  fo r  p o w c i i . t . c t  - 

flight t ra j tc - tory  generat ion.  

nnss with 3 t legrees  of f reedom and h a s  the capabili ty of handling n niaximum o f  

h I X  st,,grC:; o f  p ~ ~ . - , ~ ~ ~ ~ x ~ d  f t i q  i t  w i t i l  m y  amotint of i n t e r s t agc  coasting. 

In this  program, t h e  missilcx is cons idered  as  n point  

~- 
I 
1 .  

I 
Thc cquat ~ O I I S  of motion include gravi ta t ional ,  aerodynamic,  a n d  t h r u s t  

i * : ~ ( l i a l  distance becatisc1 t l ic .  F;:ir-th i s  considered as a n  oblate spheroid;  r\erodyn,iiiiir. 

force< a re  computed sepa rn tc ly  as drag fo rce  and n o r m a l  force .  The. ncr*oclyri; in~i(~ - 
? 

I for1.c coefficients may be st0rc.c-l e i ther  as tables  o r  a s  cubic polynomials o f  tfi(. 

I Mach numher .  Whcn the polynomial f o r m  i s  used ,  provision i s  made  to (lc,scr.it)t> 

cac.11 aerodynamic  c.ocfficicnt by four polynomials for four different rangc’s of 

Mrzrh numher .  The a t m o s p h e r e  is a s sumed  to ro ta te  3s a rigid body. ‘Tlic 

tlIZDC Standard Atmosphei-e of 1057 i s  used fo r  a l t i tudes below 300, 000 f t .  Al)ovct 

t h i s  al t i t i idc,  the p r e s s u r e  ratio is descr ibed  by a logar i thmic  equation and the. 
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‘it a l i i t u d v .  A constant  valutl o f  propellant consu~np t jon  rate is genera l ly  assitnicd 

f o r  t.ac.h stag(.. 

Severa l  options are  available for th rus t  -direct ion cont ro l  in  both thc  

pitch and yaw planes.  

vc l c to r  is maintained (solinear wiih thc vclocity vector .  

A zero- l i f t  pitch p r o g r a m  is avai lable  in  w I I ~  1 i ; i v  1l i imsi  

Options a r e  avai lable  to 
8 

f ly  with cither anglc  of a t tack o r  iner t ia l  a t t i tude desc r ibed  by seventh-ut*der p o l y -  

norriials i n  t ime.  A l l  of these options a r e  available for control  of both pitch atid 

yi1 w. 

The cquations of motion a re  integrated in an iner t ia l  Ca r t e s i an  coortliri - 

ate s y s t v m  hy a four th-ordcr  IEunge-Kutta routine. 

avni lahle  to provide Earth-fixc.d velocity and position. 

Suitablc t rnnsformat ions  a r c h  

T h e  p r i m a r y  coordinatt. 

syst(Btn is chosen  so as to lie compatible with guidance-studies  rc:quirvmcrits. The 

origiti i s  1ocatcv.I at the launch pad, a n d  the a x e s  point vortically,  downr-xngr a n t l  

c:rossI.ange. ‘I‘ransformntions a re  made  to both iner t ja l  and E a r t h - f i x d  c a r t h -  

c.entt~rr~d coordinate  sys t en i s .  

c*onveiucrit bi-anch point f o r  c-omputing t t-acking-station r e fe renced  coord ina tcs .  

The gcoccnt ric 13:irth-fixcd coord ina te  s y s t e m  is a 

'The. Ins t - s tage  burnout posilion and velocity in the  geocent r ic  iner t ia l  cooidinat( .  

s y s t v r n  :ire? usc>d as  inputs to one  of seve ra l  avai lable  ear th-sa te l l i t e ,  l una r ,  or 

;~itr . t*planc~tary coast ing t r a j ec to ry  programs. The t ie- in  betwcen the p o w v i ~ ~ c l  

f l ight progi’;ini and the  coasting programs is c.oiiiplctely automatic .  

A t  the prcscnt time, thc powcred flight p r o g r a m  has only ;i 3 dvg-rcv of 
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t i o r i s  OYI end conditions, t h e  optinium attitiidc. during burning. Posi t ion is spc>c:ifi(vi 

cxis t in2 t r a j ec to ry  is transfor-mcd point by point to a coord innt t  syst  wliic,ti is 

r in t i i i -n l  to  thc la\inch-pad location a n d  f i r ing azimuth;  i. c:. , one a x i s  o f  !tic. c oor - 

dinatc3 s y s t e m  lies along the f i r ing  azimuth. The effect o f  Ear th  1-otation 011 l>i)th 

posit ion and vc1ocit.y is removed a t  cbac:h point of the  trajc.ctory, wtiich gives as ;in 

intcrrncdiate I.t.sult, a non-rntntiiig E a r t h  t r a j ec to ry .  

:tpplicd to add-in init ial  iner t ia l  velocity on tht. new f i r ing a z i ~ n u t h .  

Thc  r c v c r s e  I)roct’ss IS t t i ( > ~ i  

;\n oiltion is 
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T h i s  prograirI is to bc part of  a nucv autoinalic inlcrpi:incitary -tr:ljec:toi.y 

design program wnic.h w i l l  trclat t h c  powci.cd f l i g h t  portion o f  t h c  flight, thc g ( ’ o -  

w i t h  t h e  choicct bclrig griitit:ii by thc aforementioned mini mum -ene rgy  t ra jcctory-  

V e n u s  ( lur ing  1960 

a f o r m  w h i c h  p e r m i t s  their reatly use. 

1965 have been precnmputcd,  (:;italoguecl ,and a r c  ; ivai labl t?  ;n 
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Table 1 (Cont'd) 

c 

Now Used in JPL 
Con s t an  t T ra j ec to ry  P r o g r a m  Recommended Constants  Ref. 

3 
0 . 4 2 7 2  x 1014 m3 10 0 . 4 3 0 2 0 7 ~  10 % 

sec2 s e c 2  G M M a r s  

1 (5) 
1 M a r s  

Sun 3 , 0 7 8 , 8 1 8  3 , 1 0 2 , 0 0 0  

0 . 3 2 4 1 2 4  x 1015 m 3  

m a s s  ~ 1 

P 0 . 3 2 4 4  x 1015 m3 
s e c 2  gec2 

GMVenus 

(5) 1 1 Venus mass _____ 
Sun 1 4 0 9 . 6 5 0  408,  600 

I 

3 
1 . 2 6 4 6 4  x 1017 m 1 . ~ 5  x 1017 m3 

Jup i t e r  2 sec 2 s e c  

1 1 (6 )  Jupi ter  -- mass ____ 
1 0 4 7 . 3 5 5  1 0 4 7 . 3 5 5  

? Sun 

mass E a r t h  Moon 1 -- 1 
Sun 3 2 8 , 4 5 2  3 2 8 , 4 4 1  

J 1 .  63808 1 . 6 2 1 6  10-3 (7 )  

D 1 . 0 5 4 7  0 . 6  x (7) 

1 A. U. 1.49503036332 x 10 l 1  1 . 4 9 5 3  x 1 0 ' ' ~ n  

c 
Ilsing rro = 8 .  7984" (2)  

( 1 )  and RO = 6 3 7 8 . 2 6  k m  

Ro ( E a r t h ' s  637a.206* 6 3 7 8 . 2 6 0  k m  ( 1  and 4)  
Equator ia l  
Radius)  

1 - 
Used with station al t i tudes,  not used in evaluating t r a j ec to ry  constants .  t 



1738. 0 k r n  

I .  0 8  

0 .  2 

. . . . . ~~ -~.- . . .  - .- ~ . .. -. . . . _. . 

sa 111 (’ 

0 . 2  k l t l  

1 
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4 .  

5. 

6 .  
1 
I 
i 

7 .  
I 

I -  

1 -  8 .  
~ 

i 

I ' 
I 
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Rcfercances IJsed in Tab lp  1 

'I' ran sac t io1 1 s o f  the  A me r icn  n G (! o p  hy s i c a1 Union , 3 7 : 5 3 4, 1 9 5 G . 

Ratie, E. K .  , 
Observa t ions  of Eros During 1926 -1945, If Astronomica l  Jou rna l  IV:  112, 1'350. 

"Derivation of Fundamental  Astronuinical  Cons tan ts  from the 

_____-.____-_______ 

H e r r i c k ,  Samue l ,  B a k e r ,  Rober t  M. L . ,  J r . ,  and  Hilton, C h a r l e s  G . ,  
"Gravi ta t ional  and Related Constants for Accura t e  Space Navigation",  
UCLA Ast ronomica l  P a p e r s ,  I (24): 297-338 ,  1959. 
_. ~ _ _ . _ _ _ _ _ _ I -  

Muric*h,  Gu idu ,  F,undarnental As t ronomica l  Cons tan ts ,  GM-'T'M-0165 00234.  
Spnc-e Technology L a b o r a t o r i e s ,  Los Arigeles, Cal i fornia ,  M a r r h  26,  1958. 

_ _ _ _ _ a  _ - ~ - ~ _ . _  ~ __-______ 

Allcn, C .  W. , _I_ Astrophys ica l  - Quanti t ies .  Universi ty  of London, The Athlone 
Press, 1955. 

A m e r i c a n  .- E p h e m e r i s ,  __ ____ 1960 ( p .  5041, United S ta tes  Government  P r in t ing  Office, 
Washington, D. C. 

D. C. King-Hele,  11. H. M t r s o n ,  "A New Value for the E a r t h ' s  Flat tening,  
I k r i v e d  f rom M e a s u r e m e n t s  of Satell i te Orbi ts ,  
March  28 ,  1959. 

Nature  183  (4665): 882, 

Cohen,  Crowe ,  Dumond, Fundamental  Cons tan t s  of P h y s i c s  ltiterscierice 
Ptihl ishe rs , Incorpora ted ,  1 9 5 7. 

______-__- __.- _ _ - ~ _ _ _ - -  
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E. Homing P r o g r a m s  

All of the homing p r o g r a m s  are  based  on the use  of missil t .  pn1xmt~t(*I-s 

to  sa1 isfy the t a rge t  conditions.  

general ly  avai lable  a s  a s e a r c h  option. 

upon the  solution of l inear ized  equations in  which the coefficients a r e  developed 

Any useful combiriation of thest. j) ; i i-ametcrs is 

F u r t h e r ,  a l l  of the p rocedures  depend 

by singly varying the s e a r c h  p a r a m e t e r s .  

a r e  suspec ted ,  then the option i s  available to monitor the s i z e  of the inc remen t s  

to the s e a r c h  p a r a m e t e r s  so tha t  they do not exceed va lues  fo r  which the method 

will converge.  

i t e ra t ions  i s  a l s o  avai lable .  

In gene ra l ,  i f  important  nonl inear i t ies  

T h e  fu r the r  option of saving these  coefficients for  success ive  

‘r@ homing procedure  with the integrat ing p r o g r a m  is based  on specifying 

the t a rge t  conditions in  t e r m s  of two components o f  the  imp:ic.t p a r a m e t e r  and 

closest approach  t i m e  which are computed f rom the osculating conic about the 

t a rge?  mass. One d is tance  compor?ent !ips in the equator inl  p ! m e  and is perpen-  

d icu lar  t o  the incoming asymptote  to the local  hyperbola ,  whereas ,  the o the r  

component is reso lved  along the direction mutually perpendicular  t o  the incoming 

asymptote  and the f i r s t  romponent.  

specifying ?he m i s s  is that these  components are  relat ively l i nea r  with r e spec t  

tu va r i a t ions  in the init ial  conditions.  

T h e  advantage of using this  method of 

A subrout ine ex i s t s  which computes the pa r t i a l  der iva t ives  of the impact  

p g r a m e t e r s  with r e spec t  t o  the velocity coordinates  a t  p re sc r ibed  points  a long the 

t r a j e c t o r y .  As the  direct ion of the velocity per turbat ion is per t inent ,  t h t s e  

p a r t i a l s  a r e  computed fo r  each  of seven d i r ec t ions ,  including that of earh co-  

ord ina te  a x i s ,  of the p robe -ea r th  l ine,  and of the probe-sun l ine.  ‘The so-ca l led  

P a g e  1 4  
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c r i i  ic .a l  tlir.ec.tionh, 111 w h i c h  t h e  mi s s  distance i s  most sensitive a n d  1c:ist 

strisitive t u  velocity c*hangts art’ a lso d(.terni1ticd. In addit i o r i ,  t h e  program 

computes the velocity inrrements required t o  correct the miss.  

A hotning procedure i s  available for connecting the burning portion of thc  

t r a j c c t (1 r y to the in t e r p  1 a n  et a r y  t ran s f e I‘ e 1 1 i p s  e 11 r o g r a m . 

t)y ni:itciiing the right ascension, declination, magnitude of the heliocentric 

inje‘.tiori velocity vertor,  atid the  time at  heliocentric irijection to the geocentric 

hypertmla generated I l y  thc b u r n i n g  program. 

‘r‘ h is 1 s ;I c c o 1x1 p 1 i s h e  d 

Hy adjusting t h e  rnissiie parameter selected for variation, the  properties 

o f  the  geoccritric hyperbola a r c  c:hanged at the match-point. 

also be accornplishcti by using missile parameters in combination with variations 

in the heliocentric angle of the transfer ellipse. 

The matching can 

1 4 ’ .  T r a c k i n g  

T h e  retfu(-tioti of tracking data is  essentially the problem of filtering, by 

stat istical analysis, the  random observational e r r o r s  and the systematic bins 

e r r o r s .  

The basic procedure is as follows: A set of initial conditions is  assunieci 

o r  obtained from iterating within the program and is used to s tar t  the integra?.ion 

of the drag-free equations of motion, including the  effects of the oblate earth, the 

moon, and the s u n .  

station- referenced coordinates a n d  corrected fo r  refraction and  station anomalies. 

The differcnce between computed and observed v a l u e s  is used to dcterniintb tliosc. 

corrections in initial conditions which result in the minimum sum of squares of 

The computed trajectory variables a r e  transformed into 
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Sourc.cs of inaccuracif-:s m u s t  be examined and  continually reviewed with 

r*eai)ec’t t o  changes in t a rge t s  of in te res t  and r equ i r emen t s  fo r  accu racy .  

I 
I -  

* .  

A .  Eqimt ions of Motioti 

The equations of motion used  can be considered to  fall  into two categories;  

t h o s c .  f o r .  w1iic.h analyt ical  solutions exist and those  which must be solvvd by numer-  

i ~ ~ i l  intcgrat ion.  

t w o  t)ody solution and must  he solved by numer ica l  integrat ion,  a largt. i n c r e a s e  in 

(\ortiplcxity and computing t ime is incu r red ,  which is, to a ccr ta in  cxtent ,  independ 

t ’ r i t  o f  the number of terms u s e d  to represent  acce le ra t ions .  In integrat ing 

I)r-ogtxms, a l l  s o u r c e s  of accelerat ion which could conceivably be of impor tance  

a i - ( ’ ,  t h ~ r e f o r e ,  in genera l  included, and no significant e r r o r s  a re  incu r red  

!)cc*:i!:sc o f  l imitat /ons i n  the equation integrated.  

If a problem requi res  the considerat ion of m0i.e than the s i m p l e  

Conic scc t ions  r ep resen t  solutions to  approximate  equations of motion, 

: in t i  the i r  LISP must be  commensura t e  with t h e  expccted inaccurac ies .  

o f  these inaccura r i e s  can he  made by comparing with appropr ia te  numer ica l  irite- 

gr:itiori of m o r e  exact  equations of motion. 

E s t i m a t e s  

Complete pad-to-target t r a j ec to r i e s  w e r e  genera ted  using the gene ra l  

purpose powe1.c.d flight p rogram coupled t o  the  he l iocent r ic  t r a n s f e r  e l l ipse  

pi‘ogr-am. 

rncthod. 

cllsinnce f rom 5-mil l ion km to  500, 000 km,  which shows the conic p r o g r a m  to  be 

Thcse  t r a j e c t o r i e s  w e r e  subsequently computed using a n  a l l - integrat ion 

An adjustment  of lift-off t ime of about one hoiir reduced the m i s s  

u.(>.ik in keeping t r a c k  of t ime.  

Page 18 
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I i s  o f  the second orcler and ,  t he re fo re ,  may be neglected.  Iieceiit investigations a t  

I t h r .  LAat)oralory show that th i s  assumption is, in fac t ,  valid for  the c'ases of iritcrest. 

I E r r u r  c s t i m a t e s  w e r e  obtained by coinparing the analyt ical  and numer ica l  solu- 

tims of the s imple  two-body problems.  
I 

'The t h r e e  numer ica l  methods used in  the integration p r o g r a m s  d i scussed  

W C I - C  t es ted  for- the two-body problem with values  of V = 1 (c i rcular .  o rb i t ) .  1 7 / 1 6 ,  

I CJ / U ,  5 / 4 ,  and 1 1  /8 ,  the l a s t  value corresponding t o  an el l ipt ic  orbi t  of ecc.cmtri- 

(.it.y about 0.  89. For each method, the integration step s i ze  w a s  var ied  ove r  a 

sinit11 riirige f rom cer ta in  nomial values.  T h e  integrat  ion span w a s  t a k e t i  to be 

o 5 t. 5 100, corresponding to about 15 passes fo r  the c i r c u l a r  orbi t  and t o  about 

i i ; i l f  a period for  V = 11 /8 .  

Still another  method f o r  es t imat ing e r r o r s  may be used  whenever it is 

krlowri t h a t  the e r r o r  in  the numer ica l  solution may be made 'Iarbitrari iy '!  smal l  

1)s' choosing a suff ic ient ly  s m a l l  s t ep  s ize;  h e r e  a s e t  of numer ica l  solut ions of the  

same t)robLem, but f o r  different  s t e p  s i zes ,  i s  obtained and a n  extrapolat ion to  

Z P I ' O  tec%hiiiquc is used  to obtain a "co r rec t ed"  solution. 

The  Runge-Kutta and Milne methods w e r e  ap1)lied t o  calculating lunar  

t r a j e c t o r i e s  with obla teness ,  M o o n ' s  and Sun Is per turb ing  f o r c e s  included, and 

extrapolat ion t o  z e r o  used to  es t imate  the e r r o r s  a t  cer ta in  points along the t ra -  

jec'tory. 

('asc? of p lane tary  probes .  

'These e r r o r  e s t i m a t e s  s e r v e  as  reasonable  e s t i m a t e s  fo r  the gene ra l  

The following genera l  conclusions may be d r a w n  : 

Page 2 0  
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Computing t i m e s  fo r  a given r e l a t ive  accurar .y  stanci in thc: 

r a t i o s  1 :8:12 for the Gauss - Jackson ,  Milne,  and  llirngc-Kutta 

methods ,  respect ively.  Er rors  build up rapidly,  however, 

if too l a r g e  n s t e p  s ize  is a t tempted .  Lf oiily rough estim1tc.s 

to, a t r a j ec to ry  are  d e s i r e d ,  it is b e t t e r  t o  use  approx ima te  

tnethods,  s u c h  as approximation hy scgnncnts of coiiics, 

ra  the r than nu mer icn l  in tegra  tion. 

2. None of the  m ~ t h o t l s  a re  suitrit,lcl f o r  ca l r i r l n t ing  t h e  posit iun 

of a n  artificial satel l i tc  in i t s  o rb i t  over- an appJ*ecial>lc 

number of per iods .  H e r e  gcncral  perturt)nt.ion niethwls ( s u ( . t )  

a s  Hansen’s  method) a re  indicated.  

3 .  On the  o the r  hand, expcrimcritation ind ica tes  t h a t ,  f o i .  s a t t > L -  

lite o rb i t s ,  both the Mihit. a n d  the  (;niiss-,Jnc:kson rnvthocis 

to  thr: o r h i t ,  h u t  at t h e  wrong t ime.  T h u s ,  i t  m a y  i)c. 
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6. E r r o r  growth s e e m s  to he  no w o r s e  than a l i nea r  f u n c -  

tion of thc number of s t e p s  taken, even in c a s e s  of  high 

e r r o r .  The  best  avai lable  analyt ical ly  obtained upper 

bound on error growth prcdic  t s  var ia t ion proport ional  to 

the three-ha lves  ~ O W C K .  of the numbcr  of s t eps .  

C.  E p h e m e r i s  

A numbcr  of p rob lems  a r i s e  a s  a result of the fac t  that  numer ica l  

in tegra t ions  are  made  r e l a t ive  to the mean equator  and equinox of 1950. 0, whcbr.c,:l.s, 

ini t ia l  conditions and mos t  predicted values  of obse rvab le s  a r c  ea r th - r e fe renced  

a t  a s p e c i f i c  t ime.  

in tegra t ion  is dictated by the requi rement  that  Newton’s l a w s  hold only in a n  h e r -  

t ia l  frame, and t r ans fo rma t ion  of the equation of motion to the e a r t h - r c f ( ~ r m c c d  

f r a m e w o r k  in which observations a r e  actual ly  made  is vir tual ly  untenuhle. 

i r r e g u l a r i t y  of the  rotation of the Earth on i t s  a x i s ,  a s  we l l  3s t h e  i r r e g u l a r i t y  

The  choice of the coord ina te  s y s t e m  used for numer ica l  

T h e  
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P r o c e d u r e s  for desigiiing certain luna r  and planetary t rajcctoric.s h a \  ( 1  

been developed in  which  the  previoiisly desc r ibed  p rogra ins  ~ T * C  used c.it1it.r 

d i r ec t ly  o r  in  o r d e r  to gene ra t e  recpiiremcnts on the  t r a j ec to ry .  

f ea tu re  of these  p r o c e d u w s  is that  they attrbmpt t o  talic into account all of the  

per t inent  c h a r a c t e r i s t i c s  o f  t he  mission and vchic-le sys t em.  Thel-cforc ,  iliey 

a r e  flexible and v a r y  considerably in the i r  clcfailecl application. 

new t i -a jcc tory  p rob lems  artse, inodification and  extension t o  existing prog-rxins 

,md th(1 init iation of  IIPW 1)t-opr-a ins n t ’ t  , , i : i c I c ~ .  c ] i i ; i i i t i  - 

ta t ive desc r ip t ion  of miss ion  and vchicle  sys t c tn  design a l t e r n a t i v e s  in a s  far 

A common 

A s  esscntial1,y 

Tlic. r‘esiill is ;in nc,ciirat 

as they a r e  trajectorv 

s t  a nda rd  t ra j ec  to  r ie s. 

The procedure  ? 

dcpendcnt and,  finally, t h c l  development of a famil,)? o f  

will  be desc r ibed  b y  a n  exaniple in  which a s p ~ c i f i e d  t h r e c -  

s t age  vehicle ,  with pa rking-orbit  capability b,t:tween the  second and th i rd  s tagc ,  

is launched from t h e  Atlantic R4issilc Range (AMR). 

n e a r - m i s s  to he  launchcd in the l a t t e r  p a r t  of 1960. 

at t a rge t  a r r i v a l  is r e s t r i c t e d .  

payload is des i r ed .  

The  miss ion  is a M a r s  

The  communicat ion distaiir-(1 

An init ial  t r a j c c t o r y  c a r r y i n g  near-maxi~nur-ri  

A. P r c l i r n i n a r y  Powered  Flight Shaping 

T h e  f i r s t  cons idera t ion  i n  tlie procedure  is to d e t e r m i n e  the  cond11 i o n s  

at the  end of the  boos te r  phase  of powered  flight. 

ope ra t ion  with the  vehicle des igne r  in order to c n s u r e  that  acroclynarnic forcc>s 

T h i s  is done i n  close ( ’0-  



a(-~x)iitit .  

nr i t l  the. same nziinuth and 1aiiric-h si tc  a r f .  gct1cr-a tcd. 

cmnditions, the  a z j  inuth rotat ion and laiincti-sjtc displacr.mr.nt p r o g r a m  is uscvl 

lo gcne ra t c  booster burnout conditions of’ 1.ct;iilar f i r ing  azimuth i n t c r v a l s  for t h c .  

AMI1 launch s i tc .  

TT’Iit-t1f. or foiil- t i*ajc~c.tor~es tiavirlg (iiffci.cnt pit oh -proj{ratn p a ~ . n u i c ~ t c ~ ~  s 

With t h e s e  booster but-noill. 

* 

T h e  next s t cp  is t o  determitit. a p i tch  program for the iippcr stages w h i r t i  

will give accc>ptable pcrformaticc. while minimizing vehicle complexity. 

lwoster tmrnout conditions at a parlic1113r azimuth, the burning p r o g r a m  is used  

IJsing 

to p lace  the  th i rd  stag(> in a parking orbit at thc: end of sPconci-stagc: burning. The 

parking orflit is cii.cii1ar a t  ;i minirniini a l t i t u t l c  as a n a l y s i s  s h o w s  that t h i s  w i l l  

g c n c r a l l y  y i e l d  a maximum payload. 

typ i ra l  for a M a r s  mission. 

eva lua te  the degradat ion in  pc1*f()t-rnm-c \vhicli 1-esiilts from iisc of the assi imcd 

p rogram.  By repca t jng  thrl c o r n p r i s o n  wi th  the porformance of tnoro complicafoc 

pi tch programs, t h e  trade-off between coinp1t:xi ty and pe r fo rmance  is c ~ s t n M i s l i ~ d  

and n p a r t i c u l a r  pi tch prof;raiii is dccidcd upon. 

Tho th i rd  stag(. is burned t o  a velocity 

Thc thrus t  optirnizntion p r o g r a m  is now iiscd to 

l l s ing  thc cliosen pitch proI;ram, posi t ion,  Earth-f ixed vc loc i ty ,  tinic 

f rom lift-off,  and wciglht at second- stage 1)urnout art: establislitd a s  a funct ion 

of az imuth  for e n t r a n c e  into a c i r cu la r  pnrliiti~: o rb i t .  

storcd for later. use wlth t h t  ho111irig proprams. 

‘Thest:  conditions a r c  

‘ LII tI l1s t)o111t , folcr iml:;s~l(% Ini-;itnc~tc~i-s roninin io]- i i s ~  in t h o  hornlng 

J ) ~ ~ ~ I - ; I I ~ S ;  tllc lift-off t jmc,  t11(. firin;: a z i m u t h ,  the co:lst t i rnc bctwccll s(>cot1(l- 



I. 
1 -  

stngc burnout and th i rd-s tage  ignition (1. e .  , the  t i inc spent i n  the parhing o rb i t ) ,  

and the burning t i m e  of the l a s t   slag^. 

T3.. P r e l i m i n a r y  Hel iocentr ic  T r a n s f e r  El l ipse  

T h e  r e s u l t s  of the he l iocent r ic  t r a n s f e r  ol l ipse program are  now used. 

The re s t r i c t ion  on communication dis tance l i m i t s  the  c l a s s  of t r a j e c t o r i e s  that 

may be cons idered  by placing an  upper l imit  on the a r r i v a l  date .  

considertad, the magnit.ude of the hel iocentr ic  injection velocity is s t i l l  de-  . 

In the region 

creasint:  with respect to increas ing  a r r i v a l  t ime ,  t he re fo re ,  for maximum 

payload, a nominal  l a tes t  possible  a r r i v a l  (late is chosen .  

No r e s t r i c t ions  have been stated which would l imi t  the hel iocentr ic  

ccni ral angle ,  so that t h i s  p a r a m e t e r  is now chosen to minimize  the magnitude 

of the he l iocent r ic  injection velocity, 

With the  a r r i v a l  datv and hel iocentr ic  cent ra l  angle  specif ied,  the hcl io-  

cen t r i c  injection t.iine and velocity a r e  specified. 

a l t i tude of the  geoccnt r ic  hyperbola to be approximately the al t i tude of the 

By as suming  the perigt.tB 

c i r c u l a r  parking orb i t ,  the launch day and a n  ini t ia l  burning t i m e  for thc l a s t  

s tage  a r e  determined.  

T h e  init ial  f i r ing  azimuth can  now be chosen by set t ing the inclination 

of the park ing  orb i t  equal  to the declination of the he l iocent r ic  injection velocity 

vector .  It is c l e a r  that  solut ions wi l l  occur  for incl inat ions g r e a t e r  than th is ,  

I 

but w i t h  maximum payload a s  the p r ime  considerat ion the  f i r ing  azimuth should 

f ~ c :  a s  e a s t e r l y  a s  possible.  

Page 26; 
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that  tlie f i r ing  azimuth is now more t :ns te r ly ,  a l thouqh the helioc-cnti-ic in,lcctioti 

vclocity is hizl ier .  

The inclination rcquircd on the parl,ing orbit is somc*what si,iallcr :io 

T h u s ,  thc azimuth change tvncis to iiicrcase the payload, 

whei (*as, the iticreasecl eiiergy in  orbit t e n d s  to decrease it. 

of th i s  type, the maximum payload conditions arc' ascertaint:rl. 

By succpssivt> r n s t ~ s  

D . Tn t c CZr a t et1 T r ad (1 c t o r y  * 
T h e c onv e I' g ed in i s si 1 e pa 1.a I 11 c t c r s g i v i rig t ti e ma x i mil m pay loa d c o rid 1 t i c) 11 

i n  the ('oriic scctiori homing program a r e  now ustxl a s  ini t ia l  conditions for  the 

in  t c' I' n 1 in !: p r o g  r a m s . 
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t a rge t  m i s s  d is tance  w i l l  h e  in the l if t-off t i m e ,  thcr*t.forc, t h c a  i i i i l  L ~ I  s v : 1 r * c % l i  

option chosen will a s s ign  tht. right ascension coniporicnt of thc miss t u  l i f t  - ( i f 1  

t ime.  The cor rec t ion  on lift-off t ime will be made once, as this proves to  I ) ( ,  in051 

economical  of s e a r c h  t i m e  in most  cases. 

The  second  s t ep  in  the homing p rocedure  involves sea rch ing  o n  thc thrvc. 

p a r a m e t e r s ,  lift-off t i m e ,  coast t i m e ,  and burning t i m e  o f  the  last stage,  t o  

achieve the final integrated hitting t r a j ec to ry  fo r  a given communication ciistnncc>. 

I 


